Background and Purpose-Swallowing screens after acute stroke identify those patients who do not need a formal swallowing evaluation and who can safely take food and medications by mouth. We conducted a systematic review to identify swallowing screening protocols that met basic requirements for reliability, validity, and feasibility. Methods-We searched MEDLINE and supplemented results with references identified through other databases, journal tables of contents, and bibliographies. All relevant references were reviewed and evaluated with specific criteria. Results-Of 35 protocols identified, 4 met basic quality criteria. These 4 had high sensitivities of Ն87% and high negative predictive values of Ն91% when a formal swallowing evaluation was used as the gold standard. Two protocols had greater sample sizes and more extensive reliability testing than the others. Conclusions-We identified only 4 swallowing screening protocols for patients with acute stroke that met basic criteria.
D
ysphagia affects 37% to 78% of patients with acute stroke and is associated with increased risk of aspiration, pneumonia, prolonged hospital stay, disability, and death. 1 Because formal swallowing evaluation is neither possible nor warranted in all patients with acute stroke, the purpose of a swallowing screen is to identify those patients who do not need a formal evaluation and who can safely take food and medications by mouth. In this review, we addressed the following questions about swallowing screens after acute stroke: what standardized protocols have been described; how do protocols compare with respect to reliability, validity, and feasibility as defined by ease of training and administration; and what are the challenges of screening?
Materials and Methods
The search strategy and the inclusion and exclusion criteria for relevant articles identified are detailed in the Online Supplement (http://stroke.ahajournals.org). Information on study design, study size, and ease of training, administration, and scoring were sought but not required for inclusion. One of the authors (S.K.S.) conducted the search for articles and evaluated protocols with input from her coauthors. She is a former speech pathologist and current boardcertified neurologist.
Results
Results of the search are summarized in the Figure and yielded 35 articles describing protocols. Thirty articles were excluded because they failed to meet Ն1 of the required criteria as detailed in the Online Supplement.
The Table provides details on 4 protocols described in 4 articles and 1 abstract. Content of all 4 protocols included items previously shown to be important in identifying dysphagia and risk for aspiration. 8 Two included assessment of mental status, 2-4 whereas the other 2 protocols excluded subjects with diminished consciousness. 5, 6 All protocols included some assessment of oropharyngeal function, such as dysarthria, dysphonia, and asymmetry, or weakness of the face, tongue, and palate. All but one 4 included assessment of ability to swallow water. The emergency physician screen 5 included use of pulse oximetry in conjunction with water swallow. Extracts from the articles describing these protocols are included in the Online Supplement, except for the one that was proprietary. 6 All protocols took place at tertiary care medical centers, although the Toronto Bedside Swallowing Screening Test 6 was validated in 2 acute care and 2 rehabilitation hospitals. The emergency physician screen 5 and the Modified Mann Assessment of Swallowing Ability 4 were self-characterized as preliminary because of small sample sizes of 84 and 150 subjects, respectively. Furthermore, the Modified Mann Assessment of Swallowing Ability 4 was only validated with administration by 2 neurologists. Training was described as simple and screenings took only minutes. None of the studies examined outcomes of pneumonia, prolonged hospital stay, disability, or death, aside from the study detailing the emergency physician screen, which reported incidence of pneumonia to be 6% in their cohort. 5 
Discussion
In this systematic review, only 4 swallowing screening protocols met basic criteria for reliability, validity, and feasibility. Despite our efforts, we may have missed a relevant article or inappropriately excluded one. This dearth of sound published screening protocols may have adversely affected broad implementation of early screening for all acute stroke patients.
All 4 screening protocols identified were published within the past 2 years, perhaps motivated by the previous Joint Commission requirement, which was subsequently dropped. 9 Two of the 4 were promising but preliminary with small sample sizes. 4, 5 Of those remaining, the Barnes Jewish Hospital Stroke Dysphagia Screen (previously titled the Acute Stroke Dysphagia Screen, or ASDS) 2,3 has 2 advantages over the Toronto Bedside Swallowing Screening Test. 6 First, the Toronto Bedside Swallowing Screening Test was validated using videofluoroscopic swallowing study in a small random subsample (nϭ24) of those with acute stroke. The Barnes Jewish Hospital Stroke Dysphagia Screen was validated using videofluoroscopy in 225 patients with acute stroke, although these data have been presented only as an abstract thus far. 3 Also, the Toronto Bedside Swallowing Screening Test is copyrighted, requiring purchase to be administered. Its purchase includes online training and information on how to implement the screening protocol, which may be desirable for some facilities.
Such studies face many challenges, perhaps explaining the small number of high-quality studies identified in this review. Ensuring that health care providers are sufficiently trained to administer a screen reliably any time of day or night is problematic. Screening that is performed at one time may be compared with a gold standard performed at a later time when dysphagia may have improved. Finally, we have not addressed the reliability of formal evaluations or their validity with respect to pneumonia, prolonged hospital stay, morbidity, and mortality.
Several observational studies suggest that screening may help prevent aspiration pneumonia 10 -12 but cannot distinguish whether lower frequency of pneumonia is attributable to the use of a swallowing screen itself or to other characteristics of a medical center. Also, these studies used a variety of different formal and informal screening techniques. Placebocontrolled randomized trials in high-volume stroke centers may be difficult to conduct now that swallowing screening has become common practice. Alternatively, the effectiveness of different screening strategies could be evaluated. Further research is particularly needed to evaluate costeffectiveness of swallowing screening in this population. Potential benefit may be seen not only in terms of pneumonia but also in terms of length of hospital stay, morbidity, and mortality. But screening has risks attributable to falsepositive results, which may lead to unnecessary withholding of oral feeding or placement of feeding tubes. The positive predictive values of protocols we reviewed ranged from 54% to 77%. Thus, 23% to 46% of patients screened were falsely identified as having increased risk.
Finally, effective screening depends not only on careful analysis of costs and benefits but also on availability of effective interventions for those identified as being at high risk. Once reliability, validity, and feasibility of swallowing screens and formal swallowing evaluations are established, effectiveness of interventions needs to be addressed. Only through such efforts will the use of swallowing screens in patients after acute stroke be established as evidence-based. 
Sources of Funding

Search Strategy
The primary search was conducted through MEDLINE using the terms (swallow* OR dysphagia) AND (screening OR evaluation OR assessment) AND (stroke OR cerebrovascular accident) with no limits through August 12, 2011. Only publications in English were considered. Additional papers were identified through (1) search of CINAHL and EMBASE databases over the same time period using the same search terms, (2) review of relevant papersʼ references, (3) Supplemental Table 1 : Criteria used to evaluate swallowingscreening protocols Criterion 
1
Must describe a swallowing-screening protocol where screening is defined as a preliminary assessment by a healthcare worker as to whether or not a patient appears safe for oral intake at that moment in time.
2
Must not require specialized skills or training in dysphagia, other than some basic training to carry out the screening protocol.
3 Must include reliability data.
4
Must specify a gold standard measure of dysphagia or aspiration against which the protocolʼs validity could be evaluated. Only formal swallowing evaluations, as performed by a specially trained therapist, are considered a suitable gold standard, including formal bedside evaluation, video-fluoroscopy, fiberoptic endoscopy, or some combination of these assessments.
5
Must describe the screening protocol in sufficient detail to be replicated.
6
Must have been evaluated in patients with acute stroke.
Relevant papers that were excluded (see Figure 1) Excluded due to need for specialized training or expertise for administration (n=3)
